In this paper the electrical distribution transformer has been studied numerically and the effect of outside temperature on its cooling performance has been investigated. The temperature range studied covers the hot climate regions. 250 KVA distribution transformer is chosen as a study model. A novel cooling fluid is proposed to improve the cooling performance of this transformer, transformer oil-based microencapsulated phase change materials suspension is used with volume concentration (5-25)% as a cooling fluid instead of pure transformer oil. Paraffin wax is used as a phase change material to make the suspension, in addition to the ability of heat absorption due to melting, the paraffin wax considered as a good electrical insulator. Results obtained show that, using of MEPCM suspension instead of pure transformer oil lead to improve the cooling performance of transformer by reducing its temperature and as a consequence increasing its protection against the breakdown. The melting fraction increased with increasing outside temperature up to certain temperature after which the melting fraction reach maximum constant value (MF = 1) which indicate that, the choosing of PCM depend on the environment in which the transformer is used.
Introduction
A transformer is a device that transfers electrical energy from one circuit to another. It is used to step up or down the voltage of power system. The transformer has vital rule and considered the main component of the electrical network due to many reasons such as, its high cost, direct effect on network operation, location and its contents of oil and toxic materials. Therefore it is very important to protect it from breakdown which will cause many risks on neighboring people life and electrical network. The main cause for transformer breakdown is the oil temperature rise. So it is important to pay more attention to the research works trying to improve the cooling performance of transformers. When a transformer fails, problems occur in the operation of distribution networks cause an increase in the power system operation cost and reduce the reliability of the electricity delivery. Transformers utilize transformer oil as a cooling medium and insulation material, together with cellulose. Breakdown voltage (dielectric strength) is one of the most important parameters of transformer oil.
Winding temperature limit the transformer loading, therefore, for full load and normal surrounding temperature, the transformer oil temperature must remain in a certain limit set by industry standards. The temperature of the transformer winding is not uniform and the limiting value is actually the higher temperature section of the winding which called winding hot spot temperature. The insulation temperature represents the main factor of transformer aging. The paper insulation depolymerized with temperature and time which represent the end of life of the insulation materials, which defined as the transformer end of life. The temperature of the transformer oil is increased by increasing transformer load, so loading above a certain value include some risk potential. The rise in the maximum temperature of transformer oil over the ambient temperature in modern transformers is about 65°C [1] .
A phase change material characterized with high latent heat of fusion since it is able to absorb and release extra amounts of heat through melting and solidification. Microencapsulated phase change materials suspensions are received more interest and importance due to their potentials of enhancing heat transfer and thermal storage performances. The heat transfer improvement is caused by the latent heat absorption through melting of the phase change materials in the dispersed MEPCM particles. There are many researches in literature deals with basic principles of transformers and transformer oil specifications. Dejan S.
[2] (2005) presented new and accurate methods for temperature calculation in transformer oil, he used heat transfer theorem, using the method of lumped capacitance, and the analogy between thermal and electrical resistance at many locations within an electrical transformer. He takes into consideration the changes in oil viscosity and variation with temperature loss. The change in time constant due to viscosity changes is also considered in the models. He found that the hotspot temperature rise over top oil temperature due to a load change can be represented as exponential function with a time constant equal to the winding time constant. Mohammad R. et al. [3] (2008) Studied experimentally the oil models taken from many power transformers with different ages, to correlate the relation between the real age of the oil and its different specifications and to know the appropriate characteristics which can indicate its aging. They accomplished experiments for accelerated aging on oil elements at different values of temperatures. Also they used Arrhenius law to predict the remaining lifetime of the oil. They found that, Arrhenius law can be applied accurately to the thermal degradation phenomena of the oil, and to find out the left lifetime of the oil. Diaconu et al. [4, 5] (2010) investigated experimentally the natural convection heat transfer of a PCM in a vertical helically coiled tube. New microencapsulated PCM suspension with concentration up to (45%) was employed. They first tested pure water to formulate natural convection correlations and then a comparison was made with the results obtained from MEPCM. Their results indicated that during the phase change period the heat transfer coefficient for the PCM was higher than that for pure water. D.J. Smith et al. [6] (2010) used COMSOL software to study numerically the dielectric changes and the resultant capacitance and dissipation parameters variation from moisture and temperature ingress. Their results showed to give an improved understanding about modeling and analyzing faults within OIP bushings. Arslan A. et al. [7] (2011) covered the research performed in a series of tests done on the temperature rise in distribution transformers. They studied the ambient effects represented by relative humidity and natural air flow that a transformer surface generates. They also discussed the experimental results with the theoretical values to match the theoretical study. They found that, the relative humidity affects temperature rise considerably. Their results may help in minimizing the predicted temperature rise ranges in contrast to empirical models. M. Srinivasan [8] (2012) Proposed a new semi-physical model including of the environmental parameters to estimate the hot spot temperature in addition to the insulation life loss in the transformers. The winding hot spot temperature was calculated as a function of the top oil temperature that can be estimated using the transformer loading data, top oil temperature value, atmospheric temperature, air velocity in addition to the effect of solar heat radiation. They validated their proposed model with real data gathered from a 100 MVA power transformer. Saleem A.H.
[9] (2012) Studied the effect of many parameters on the properties of transformer oil such as, the gap distance, water content and temperature on the transformer oil breakdown voltage. He observed that the dielectric of transformer oil increased as increasing of the gap distance. Also he showed that, there is a marked reduction in the breakdown voltage with increasing of the amount of water content. Also he found that, there is a strong dependence of the DC breakdown voltage on the temperature, where breakdown voltage decreases with increasing temperature up to 100°C. Murtaza H.
[10] (2013) Performed a steadystate calculations using IEC guidelines to determine the hot spot temperatures of power and distribution transformers in the harsh weather as a results of long summer season. Also he considered the effect of increase in winding resistance due to increase in ambient temperatures. He found that, the power and distribution transformers should be progressively de-rated under certain conditions for their safe operations, to improve also the reliability of the electricity supply in the challenging future smart grid environment.
In this paper a transformer oil-based MEPCM suspension will be used as a cooling medium in distribution transformer instead of pure transformer oil. As the author best knowledge and According to the reviewed literature this type of suspension is never used in transformer cooling, and there is no research include modeling of complete transformer, therefore the results of this paper represent a pioneer step in this field.
Problem description
The transformer selected as a case study in this paper is 250 KVA distribution transformer which is widely used in Iraqi electricity network. Fig. 1 .a. shows a picture for this transformer while Fig. 1 .b represents a schematic drawing illustrating the outer view of this transformer. The transformer consists of (coils and core assembly) which consists of three copper coils and a steel core linking them, all these items are immersed in transformer oil contained in the transformer body which equipped with fins to increase the heat transfer area. The transformer oil play two important roles, as a cooling medium transmit the heat generated in coils and core into outer walls to dissipate it and as an electric insulator. According to the available data the heat generated in transformer in full load situation is 1000 W from each coil and 500 W from core. This heat generated must be dissipated to maintain the temperature of oil at certain accepted level.
Mathematical formulation
Heat is generated in coils and core due to electrical resistance, this heat is absorbed by oil to transfer it to the outer walls by natural convection and then dissipated from outer walls to the surrounding air by convection and radiation. 
